We analyzed the abundance of mesozooplankton and suspended particulate matter across the deep-water "A-Front" in the southern sector of the California Current System. We characterized the A-Front with two novel devices, a free-fall Moving Vessel Profiler (MVP) and an Underwater Vision Profiler 5 (UVP5), together with quantitative bongo samples analyzed by ZooScan. The MVP permitted real-time visualization of vertical density structure, chlorophyll a fluorescence and particle size structure (from a laser optical particle counter) across the front to a depth of 200 m with the research vessel moving at 6 m s
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I N T RO D U C T I O N
Plankton patchiness is ubiquitous in the ocean and present across a broad range of spatial scales (Haury et al., 1978) . For many years, "patchiness" in the California Current System (CCS) was analyzed essentially as a statistical phenomenon of increased variance of abundance. Focused studies subsequently revealed, in many cases, a direct association between physically induced discontinuities in the water column and the distributions of planktonic organisms. Such phenomena range in scale from microscale thin layers in the vertical plane (Owen, 1991; Cowles et al., 1998; Prairie et al., 2010) , submesoscale and mesoscale fronts (Mackas et al., 1991; Smith and Lane, 1991) and eddies (Haury, 1984) , bathymetric features such as seamounts (Genin et al., 1994) or changes in continental shelf topography (Barth et al., 2005) , to the consequences of large-scale ocean circulation and water mass relationships on the distributions of organisms (Brinton et al., 1999) . Davis et al. (Davis et al., 2008) used Spray ocean gliders to resolve frontal features in the southern CCS, revealing a strong association between horizontal density features, phytoplankton chlorophyll a (Chl a) fluorescence and mesozooplankton acoustic backscatter. Belkin et al. (Belkin et al., 2009) summarized the occurrence of quasistationary fronts in different ocean regions based on satellite thermal imagery and suggested that frontal features in the CCS become more organized and anisotropic in winter in comparison with summer.
In the present study, we examined the effects of a major deep-water oceanic frontal system on the distributions of mesozooplankton and suspended particulate matter. This front, which we designate the A-Front, was clearly visible in satellite sea surface temperature and ocean color imagery (Kahru et al., 2012; Landry, Ohman et al., 2012) . It differed from fronts studied elsewhere in the CCS, in that it was not directly associated with a recent upwelling event (Peterson et al., 1979) or with coastally derived filaments extending offshore (e.g. Mackas et al., 1991; Smith and Lane, 1991) . Nor was it associated with terrestrially derived freshwater inflow, tidally induced mixing and stratification (cf. Pingree and Griffiths, 1978; Hunt et al., 1998) , or with irregular topographic features such as the continental shelf break or seamounts. Rather, this was a feature offshore of the Southern California Bight in a region 3800 m deep that lacked major seafloor discontinuities. Although fronts have been analyzed previously in the region (e.g. Haury et al., 1993; Chereskin and Niiler, 1994; Venrick, 2000) , the A-Front gradient zone appears to have had markedly different characteristics. Here, we test the null hypothesis of no difference in mesozooplankton and particulate matter abundance and composition across a deep-water physical gradient region.
M E T H O D
The A-Front was initially identified from satellite imagery (Fig. 1 , Kahru et al., 2012; Landry, Ohman et al., 2012) accessed at sea, then a preliminary site survey aboard the R/V Melville was conducted to localize the position of the front and guide more detailed sampling. The site survey (Fig. 2) was conducted with a free-fall Moving Vessel Profiler (MVP, ODIM Brooke Ocean; Herman et al., 1998) deployed in the upper 200 m, and with a shipboard continuous underway Advanced Laser Fluorometer (ALF) system (Chekalyuk et al., 2012) sampling an uncontaminated seawater intake at 4 m depth.
The MVP 200 permits vertical profiles to be made to a depth of 200 m with the ship moving continuously at speeds of 6 m s 21 ( 12 knots). The free-fall MVP "fish" contains a laser optical particle counter (LOPC, Herman et al., 2004) , a Wetlabs FLRT Chl a fluorometer and an Applied Microsystems Micro CTD. The fish is suspended from a synthetic Vectran conducting cable, with all data displayed shipboard in real time. Initial launch and recovery of the MVP take a few minutes and entail temporarily slowing the vessel to 1 -2 m s 21 , after which the ship can immediately be brought to full speed. The MVP is regulated by a computer-controlled winch system and operated remotely from within the shipboard laboratory. Upon a computer command, a brake is released, the winch freewheels and the fish falls freely through the water column under gravity at 3.5 -4 m s
21
, with sampling unaffected by ship motion or sea state. At the desired hydrostatic pressure, the winch brake is automatically applied, then the MVP winch retrieves the fish through a controlled ascent, docking 2 -4 m below the sea surface. A bottom avoidance algorithm is incorporated. The MVP can be set to cycle continuously, in which case vertical profiles are made at 2.5-3.5 km horizontal intervals with the ship moving forward at 5 -6 m s 21 . The MVP profiles on descent and ascent, although we used only the descent data because descents occur at a nearly constant speed and equal sampling effort is therefore allocated to each depth stratum. LOPC data are recorded at 2 Hz, providing 2-m vertical resolution, while the CTD and fluorometer are sampled at 25 Hz, providing ca. 0.08-m vertical resolution on descent. We subsequently binned the LOPC data into 3 m depth bins and the CTD and Chl a fluorescence data into 1-m bins. Temperature data were corrected for the sensor time lag prior to the calculation of salinity and density. The LOPC was calibrated with microspheres of glass (0.24 mm, 1.31 mm diameter) or nylon (7.1 mm diameter) before and after the cruise (BOT, 2005) . The fluorometer was checked for dark current and full-scale response before field deployments and, in the laboratory, measured against an extract of pure Chl a (cf. Davis et al., 2008) as well as a phytoplankton assemblage collected from the Scripps pier.
The site survey entailed five crossings of the A-Front: three initial crossings were conducted with the vessel moving at 5.5 m s 21 and MVP profiling at 3.7 km intervals, extending well to the north and south of the front (Fig. 2 ). These were followed by two slower crossings at 2.9 m s 21 , which permitted 1. sample. One plankton sample was preserved in 1.8% formaldehyde buffered with saturated sodium borate and the other frozen in liquid nitrogen for grazing determinations, but due to failure of a Dewar, the latter samples were lost. For the purpose of contrasting vertical profiles in the front with those on either side of it, a series of 11 MVP profiles in the "core" frontal region was identified by examining vertical profiles of in vivo Chl a fluorescence. Profiles in the core A-Front were contrasted with clusters of profiles well outside the influence of the front to the north (n ¼ 16) and south (n ¼ 15; see Fig. 2 ). Ashore, the vertical bongo samples were analyzed by ZooScan digital scanning and image analysis (Gorsky et al., 2010) . Samples were gently separated into two size fractions (0.2 -1 mm, .1 mm) by sieving through a plankton mesh, then two aliquots of each fraction were scanned at 2400 dpi resolution. Segmented vignettes (regions of interest) were initially classified by a machine algorithm using the Random Forest classification and regression tree method (Gorsky et al., 2010) , then 100% of the images were examined manually to correct mis-classifications. Abundances are expressed as number m 23 averaged over the upper 100 m, after correction for volumes filtered at sea and aliquot fractions.
The UVP5 is a digital camera system with columnar LED illumination at 625 nm that images 1 L of water with 100 ms flash pulses, recording images at 6 Hz while the instrument profiles vertically . In the shipboard configuration, the UVP5 measures objects larger than 100 mm and retains images of objects larger than 500 mm. The UVP5 was positioned at the lowest location on the CTD -rosette so that it sampled minimally disturbed water upon descent, profiling at a rate of 30 m min 21 to 100 m and 60 m min 21 in deeper depths. The summed abundance of organisms within a specified size window was displayed shipboard in real time during descent. Upon recovery, the full suite of acquired images was downloaded from the UVP. After image segmentation, vignettes were classified using the Random Forest algorithm. Machine classifications were subsequently verified manually.
The LOPC on the MVP employs a 35-element photodiode array to record attenuation of a 670-nm laser diode across a 70-mm wide sampling tunnel (Herman et al., 2004) . Light attenuation is proportional to particle size, which is expressed as equivalent spherical diameter (ESD). Single element particles (SEP's) intersect one (or at most two) elements 1 mm on a side, while multi-element particles (MEP's) cross more than two elements and are !1.5 mm in linear dimensions, although they can be ,1 mm in ESD. The LOPC is not an image-forming device, but for larger MEP's, the coarsely (1-mm pixel size) outlined silhouette of the object, together with the opacity of each pixel, can sometimes be interpreted in relation to known organism types. The opacity (scaled from 0 to 1, where 1 is completely opaque) of MEP's is the average proportion of light occluded across all affected photodiode elements except the end pixels of the object. The first and last pixels are excluded from this calculation because the particle often does not entirely cover these elements. Checkley et al. (Checkley et al., 2008) suggested that objects with opacity .0.6 and 1.1-1.7 mm ESD correspond to larger copepods in this part of the CCS, while lower opacity particles in this region tend to be dominated by marine snow. Gaardsted et al. (Gaardsted et al., 2010) found lower values of opacity for Calanus finmarchicus in the Norwegian Sea.
The volume of water sampled was determined by multiplying the cross-sectional area of the LOPC sampling tunnel by its velocity, estimated by changes in pressure over known time intervals. We tabulated the number of MEP particle detections in each of the 35 LOPC diode element over many MVP casts, and found that the first three elements rarely registered any particles (,0.01% of all detections). Thus, the volume of water sampled was somewhat less than that flowing through the tunnel. To compensate, the water volume sampled was calculated as 32/35 of the volume flowing through the tunnel. Our ratios of Total counts:MEP counts ranged from 28 to 43, exceeding the threshold of 20 below which Schultes and Lopes (Schultes and Lopes, 2009 ) reported as saturating the LOPC in turbid areas. Our proportion of incoherent MEP's (as defined by Schultes and Lopes 2009) averaged 0.5% and therefore did not bias the size distributions reported here.
Normalized particle volume spectra (nVd, Jackson et al., 1997; Checkley et al., 2008) were calculated from a combination of SEP and MEP particles. Particles were placed in logarithmic size bins, with the ratio of the largest to smallest particle size in each bin 1.1447. The particle number spectrum (n ij ) was estimated for particles sampled in the downcast (from 7 to 200 m depth) in 3 m depth bins. For each size (i) and depth ( j) bin, the number of particles was divided by the volume of water sampled and by the width of the size bin (Dd i ). The normalized volume spectrum (nVd) was then calculated by multiplying the n ij by the volume of a particle (V) with a median ESD for that bin and by the median size (d) of the bin. The last operation normalizes the volume spectra so that when plotted on a logarithmic size scale, the area under the curve is proportional to the integrated particle volume. Size spectra were summed across all depths in a vertical profile for comparison of the front with waters to the north and south.
R E S U LT S
The A-Front was a region of relatively sharp horizontal gradients oriented approximately north -south, with lateral meanders in the flow. All five crossings of the A-Front with the MVP showed that the frontal region was well defined by clear gradients in surface temperature and density, though it was best delineated by a sharp subsurface salinity minimum centered at 55 m depth (Fig. 3) . This salinity minimum was a prominent feature of the waters to the south of the front (Figs 3 and  4) , indicative of waters of higher latitude origins flowing JOURNAL OF PLANKTON RESEARCH j VOLUME 34 j NUMBER 9 j PAGES 815-827 j 2012 from the north in the core flow of the California Current and then flowing eastward in the vicinity of the A-Front. Salinity, temperature and density sections completed toward the end of the site survey, when horizontal spacing between MVP profiles was shorter, show evidence of subduction of waters from the cooler, northern side of the front toward the south (Fig. 3) . Subsurface Chl a fluorescence centered on 35 m depth was markedly enhanced in the vicinity of the front, relative to the region both to the north and to the south (Figs 3 and 4) . The biovolume of suspended particulate matter was enhanced at the front in all size fractions from 0.1 to 5 mm (Fig. 4) . In contrast to Chl a fluorescence, which showed subsurface maxima at 35 m depth at the front, the vertical maximum in particle biovolume was near the sea surface (Figs 3 and 4) .
The numerical density of all MEP's measured by the LOPC on the MVP was also elevated 4-fold at the front (Fig. 4) . Elevated MEP abundances were found throughout the upper 60 m. Figure 5 illustrates coarse-resolution silhouettes of a subset of the MEP's that had an overall opacity of .0.6 and occluded at least four photodiode elements (minimum particle width 2.5-3 mm). North of the A-Front, most of these MEP's are concentrated in the upper 60-90 m of the water column and bear elongate shapes and large body sizes (Fig. 5 ). Few objects with these shapes were found at the front or south of it. The results in Fig. 5 differ from those in Fig. 4C , in that the latter includes particles with low opacity. The difference between these figures suggests that most of the enrichment of MEP particles at the front (Fig. 4) was due to low-opacity particles, probably indicative of marine snow. The size distribution of MEP's differed substantially across the front, with considerably larger particles found to the north than within or to the south of the front. The normalized particle volume distributions (nVd) reflect this spatial change, with a pronounced peak in biovolume at 4 -5 mm that was of much smaller magnitude within or south of the A-Front (Fig. 6) . The nVd showed peak biovolume in much smaller size categories at the front (Fig. 6B ) again likely attributable to marine snow. No attempt was made to fit slopes to these nVd spectra because of the clear departures from linearity. Examination of the number spectra underlying these volume spectra showed that they were much better described by non-linear than linear slopes (data not shown). The mean particle biovolume (in parts per million, ppm), integrated in the upper 200 m from these spectra, was elevated to the north of the front (nVd ¼ 2529 + 1994 ppm, mean + 95%) relative to the front itself (nVd ¼ 1586 + 468 ppm) or south of it (nVd ¼ 1966 + 508 ppm), although these differences were not statistically significant (P . 0.05). Fig. 4 . Mean Moving Vessel vertical profiles at stations South (n ¼ 11-15), within (n ¼ 8 -11) and North (n ¼ 12-16) of the A-Front, respectively (solid lines ¼ mean; dotted lines ¼ +95% CL). Chl a fluorescence (digital counts); particle biovolume (mm 3 m 23 ) shown in five size categories: green¼ 120-400 mm, black , 800 mm, red , 1200 mm, cyan , 1600 mm, blue , 5000 mm ESD; dotted line ¼ upper 95% CL; salinity ( psu); temperature (8C); density (s u ).
The abundance of several zooplankton taxa enumerated from the vertical bongo tow series changed markedly at the front or nearby. The total net-collected (.202 mm) assemblage showed a maximum at the front (Fig. 7, photograph) , although this qualitative comparison of plankton samples also includes larger phytoplankton and marine snow particles. Total enumerated mesozooplankton also showed a maximum value at the front. The abundance of calanoid copepods, the cyclopoid copepod Oithona spp., euphausiids and euphausiid eggs, as well as the ratio of nauplii total copepods 21 showed maxima at the front (Fig. 7) . Appendicularia were most abundant within one sampling station (2.8 km) of the peak frontal gradient (Fig. 7) . Dividing the sampled stations into those south of the A-Front (stations 1 -4) and those in and to the north (stations 5-9), poecilostomatoid copepods, ostracods, chaetognaths and radiolarians were all more abundant to the south of the A-Front (Fig. 7 , P 0.05, Mann-Whitney U), while Oithona spp. and euphausiids were more abundant in the front and to the north (P 0.05).
Vertical distributions of selected taxa were characterized across the front from the UVP5 profiles. Many additional types of organisms and particles were recognized in UVP5 images, although they occurred too rarely to resolve vertical distributions accurately. In accord with the bongo samples taken to 100 m, the radiolarians imaged in situ to a depth of 300 m with the UVP5 were considerably more abundant to the south of the front (Fig. 8A) . The UVP5 profiles revealed the vertical distribution of the radiolarian assemblage did not change appreciably across the entire frontal crosssection, with distributions extending from 50 to 300 m depth but maxima in abundance concentrated near 100 -140 m depth. The abundance of elongate filaments (mean 2.82 mm long Â 0.84 mm wide), some of which resembled fecal pellets, was elevated to the north of the A-Front (Fig. 8B) . Organic aggregates, which were defined as more irregularly shaped than the filaments, showed peak abundances at 30 -50 m depth at the front (Fig. 8C) , with progressively lower abundances and deeper distributions north of the front.
D I S C U S S I O N
We rejected the hypothesis of no difference in mesozooplankton composition and particulate matter occurrence at the frontal discontinuity. The A-Front represented a region transitional between different types of dominant mesozooplankton as well as a site of locally elevated abundance and, apparently, production of some taxa as discussed further below. In addition, the A-Front was a region of elevated marine snow particles, as inferred from both the UVP5 and the laser optical plankton counter (LOPC). Other studies conducted in parallel with the present work illustrate a variety of complementary responses from other components of the food web, including elevated bacterial growth rates (Samo et al., 2012) , increased photosynthetic quantum yield (H. Wang, personal communication), altered phytoplankton composition (Chekalyuk et al., 2012; Taylor et al., 2012) , and altered distributions of some euphausiid species and mesopelagic fishes (Lara-Lopez et al., 2012) , suggesting that this feature played a significant role in structuring the plankton assemblage and altering the composition of particulate matter.
We found the free-fall MVP to be an excellent means of characterizing the location and structure of the A-Front, especially since some of the sharpest lateral gradients appeared below the sea surface (e.g. salinity, Chl a fluorescence). The MVP profiles only in the vertical plane on descent and, unlike "tow-yo" devices that are towed horizontally while also profiling vertically, the MVP does not confound vertical with horizontal structures in the water column. Real-time display of MVP data made it possible to respond adaptively at sea to changes in features detected and to direct subsequent sampling efforts. In addition to real-time recognition of the subsurface structure of the front, post-cruise analysis of the repeated MVP-CTD vertical profiles proved useful for characterizing spatial gradients in turbulent energy dissipation (Li et al., 2012) . Continuous near-surface horizontal measurements of phytoplankton pigments, CDOM (Chromophoric Dissolved Organic Matter) and variable fluorescence recorded by the Advanced Laser Fluoresence Analyzer (ALF; Chekalyuk et al., 2012) were an excellent complement to the MVP measurements.
We detected pronounced compositional differences of the mesozooplankton at the A-Front. Some taxa, notably calanoid copepods, Oithona, euphausiids and appendicularians showed local maxima at the peak frontal gradient region, or adjacent to it. In contrast, other taxa including poecilostomatoid copepods, ostracods, chaetognaths and radiolarians were more abundant in waters south of the front and noticeably less abundant in waters to the north. Although the bongo samples could not be replicated at each station because of time constraints to complete all sampling within nighttime hours, the observed changes occurred relatively smoothly in space, they coincided with other welldefined physical and biotic changes in the water column (see above) and were corroborated by repeated frontal crossings with the MVP.
An advantage of the ZooScan approach to scanning and classification of the preserved zooplankton is relatively rapid scanning and machine classification of digital images, and the ability to simultaneously make accurate size measurements of all objects (Gorsky et al., 2010) . Moreover, the images are stored and available for future study, including application of additional classification algorithms as these develop further. Although the subsequent manual validation of images takes additional time, this validation step provides much greater confidence in the resulting taxonomic assignments and size distributional data. A drawback to this digital scanning approach is that it is rarely possible to accurately identify species; hence, the data are expressed at higher taxonomic levels where the identifications can be made correctly. It is likely that there are species-level differences in responses to the front [e.g. within the calanoid copepod category, the euphausiids (see Lara-Lopez et al., 2012) and other taxa], which are not resolved here.
Particularly interesting is the elevated ratio of nauplii copepod 21 at the A-Front, because this suggests locally elevated egg production rates and/or survivorship of eggs and early nauplii. The numerical values of the ratio nauplii copepod 21 are quite low, which is to be expected because of escapement of most nauplii through the 202-mm mesh net and because total copepods are used in the denominator (nauplii could not be differentiated taxonomically into orders from these optical images). Although we would anticipate differential responses among species of calanoids, cyclopoids and poecilostomatoid copepods, nevertheless the overall conclusion is that copepod recruitment was elevated at the frontal location. This suggests that the A-Front was a site of enhanced secondary production, as well as abundance, of several mesozooplankton taxa.
The responses of different mesozooplankton taxa to the A-Front appear to vary with the feeding mode and diet of the organisms considered. The taxa that showed elevated abundances at or near the A-Front were all dominated by particle-grazing zooplankton. Although euphausiids are omnivorous and diets vary by species (Mauchline, 1980; Ohman, 1984) , most of the dominant species in this general study area (Lara-Lopez et al., 2012) utilize phytoplankton and microzooplankton prey. Calanoid copepods certainly show diverse feeding modes and the cyclopoid Oithona appears to be an ambush grazer that specializes on motile prey (e.g. Paffenhöfer and Mazzocchi, 2002) . Nevertheless, most of these copepods, euphausiids and appendicularians primarily utilize suspended microplankton prey, such as the diatoms that were also found to be elevated in the frontal region (Taylor et al., 2012) .
In contrast, the mesozooplankton that were elevated to the south of the A-Front were principally carnivorous or marine snow-associated taxa. Chaetognaths are obligate carnivores (Feigenbaum and Maris, 1984) . Most of the planktonic ostracods appear to be predatory or scavengers, or omnivorous microphages (Vannier et al., 1998) . Radiolarians are diffusion-feeders that are omnivorous; they can ingest smaller zooplankton (Anderson, 1983) . And many of the poecilostomatoid copepods are thought to live on or in association with marine snow particles, or to attach to larger prey (Landry et al., 1985) . While more needs to be known about the diets and life histories of poecilostomatoids, they can be numerically dominant, especially in more oligotrophic ocean provinces (Böttger-Schnack, 1994) , which would agree with their distribution to the south of the front detected here. Hence, we suggest that not only the taxonomic composition, but also the functional characteristics of the mesozooplankton assemblage changed in association with the gradients in production and abundance at the A-Front.
The Underwater Video Profiler provided the added advantage of direct in situ imaging of organisms and detailed localization of their vertical distributions. The radiolarians were present in subsurface waters across our study site, with peak abundances in strata between 100 and 140 m depth. Although radiolaria are certainly known from this region (Isaacs et al., 1971) , we were not aware of their nearly ubiquitous distribution and numerical importance in waters below the mixed layer. Their contribution to particle fluxes and silica cycling is an area that merits further attention.
The qualitative silhouettes of larger MEPs as sampled by the LOPC were an immediate indication to us while at sea of spatial changes in the qualitative composition of particulate matter distributed across the A-Front study. Although identification of silhouettes is ambiguous, partly because organisms of uniform size and shape can pass through the LOCP sampling tunnel at different orientations and therefore produce a distribution of different silhouette profiles, even the qualitative information on changes in composition can be useful for guiding subsequent sampling.
The elevated concentrations of organic aggregates and total particle biovolume at or near the site of the peak frontal gradient suggest that this is a site of particle generation and/or aggregation. These results are consistent with the high concentration of diatoms at the front (Chekalyuk et al., 2012; Taylor et al., 2012) , which would likely be associated with elevated mesozooplankton grazing and particle production (Dilling et al., 1998) , and with the highly elevated rates of bacterial production measured at the front (Samo et al., 2012) . Because our surveys were conducted relatively rapidly, we were not able to assess vertical and lateral export fluxes in the vicinity of the A-Front, but we would anticipate enhanced particle export as well as production in this region. Both vertical (cf. Stukel et al., 2012) and lateral (cf. Barth et al., 2002) export fluxes associated with fronts warrant attention in the future.
The A-Front represents an abrupt transition between more offshore and more coastally influenced waters. The offshore (south) side of the front bears a distinctive subsurface salinity minimum, a signature of the California Current proper and an indication of the influence of West Wind Drift-Subarctic waters advected from the north (Lynn and Simpson, 1987) . These waters on the offshore side of the front also reflect a history of previous phytoplankton growth, as surface nutrients were depleted to deeper depths than the inshore side (Li et al., 2012) . Inshore (to the north) of the front, the somewhat saltier and cooler waters probably originated in the upwelling region off Point Conception . Another frontal system designated the Ensenada Front has been identified previously in this general region, arising where the flow of the California Current bifurcates, with some of the water extending eastward into the Southern California Bight and forming the Southern California Eddy, and some of the flow continuing southward along the Baja California coast (e.g. Niiler et al., 1989; Chereskin and Niiler, 1994) . The gradient that we have analyzed bears superficial similarities in hydrographic structure to the Ensenada Front, including the warmer surface waters and pronounced subsurface salinity minimum on the offshore side, with somewhat cooler surface waters on the inshore side of the front. However, we saw no evidence of flow bifurcation of the A-Front. Also, previous studies of the Ensenada Front found that "neither shipboard surveys nor remote images suggest enhanced production or accumulation of biomass" at the front (Venrick, 2000) . Those results are in marked contrast to the present results from the A-Front study. Although there were differences in the biomass of phytoplankton and mesozooplankton (Haury et al., 1993) and in abundance and taxonomic composition of ichthyoplankton (Moser and Smith, 1993) on opposite sides of the Ensenada Front, that front was not a site of altered plankton concentrations. Our technologies permitted us to sample at approximately an order of magnitude greater spatial resolution than in work done previously at the Ensenada Front, though it seems unlikely that sampling resolution alone accounts for differences in responses that we measured. Because of the differences in ecological consequences and perhaps in secondary circulation, we do not assume that the A-Front is equivalent to the Ensenada Front (see also Landry, Ohman et al., 2012) .
Satellite imagery has revealed that ocean fronts are ubiquitous in the world ocean and occur on different spatial scales (Belkin et al., 2009) . However, the ecological consequences of such features depend markedly on the specific processes leading to frontogenesis (Franks, 1992) and the time scale of their persistence. As noted in the Introduction section, our deep-water frontal system is not related to topographic features such as the continental shelf break, to tidally related mixing or to riverine buoyancy plumes, all of which can have significant effects on nutrient fluxes and organism growth and aggregation (Holligan, 1981) . Nor is the A-Front directly related to nearshore upwelling or associated filaments as often found in eastern boundary current systems (e.g. Hood et al., 1991) , hence comparison with such studies must be done cautiously. In addition to their effects on planktonic organisms, some frontal features are well known to be exploited by a variety of higher consumers, including seabirds (Hunt et al., 2002) and fishes (Lara-Lopez et al., 2012) . Ainley et al. (Ainley et al., 2009) suggested that seabirds' spatial distributions in the northern California Current are related to mesoscale physical phenomena, including fronts, when their prey are abundant, but are more closely related to smaller scale prey patches when prey are rare, implying flexible responses.
The question remains whether the elevated abundances of some taxa are best accounted for by local, in situ production because of enhanced prey availability at the A-Front or by physical aggregation associated with secondary circulation features (cf. Cromwell and Reid, 1956; Franks, 1992) . The elevated phytoplankton photosynthetic quantum yield (H. Wang, personal communication), inferred increases in vertical fluxes of nutrients in the region at or just south of the A-Front (Li et al., 2012) and the presence of highly elevated diatom biomass at the front (Taylor et al., 2012) show that this was a region of locally elevated primary production. This region also corresponded to enhanced nauplii per copepod, suggesting enhanced secondary production. However, some of the mesozooplankton taxa that showed elevated abundances at the A-Front, such as copepods and euphausiids, have generation times that can extend to weeks or even months, which establishes the necessary persistence time scale of the front if in situ population growth alone were to account for the observed elevated abundances. It seems likely that some aspects of local, convergent flow also contribute to enhanced abundances in this region (cf., Chereskin and Niiler, 1994) . Directed studies are needed to resolve the secondary vertical and horizontal flows associated with such frontal features, and their consequences for organisms with different degrees of motility (Franks, 1992) .
In summary, the A-Front represented a significant gradient in mesozooplankton composition, with a tendency toward more carnivorous taxa on the southern side of the front and more herbivorous/omnivorous taxa at or on the northern side of the front. In the narrow frontal region itself, a number of particlefeeding taxa showed elevated abundances that are consistent with the elevated concentrations of larger phytoplankton, especially diatoms. The frontal region was also a site of elevated concentrations of suspended particle matter, especially in the form of diffuse marine snow particles, presumably originating from enhanced particulate production, grazing and aggregation. Long-term changes in the occurrence of such features (e.g. Kahru et al., 2012) can have significant consequences for the biogeochemistry of pelagic ecosystems.
